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Literature discussing the feeding habits of earthworms ‚their 
relations to the soil, as well as their role in the turnover and 
humification processes of the soil (Gast, 1937; Lindquist, 1941; 
Meyer, 1941, 1943; Franz et Leitenberger, 1948; Mangold, . 1951 , 
1953; Ponomareva, 1952, 1953; Wittich, 1953, Graff, 1954, Guild, 
1955; Barley,1958, a,b, 1959, a,b; Barley et Jennings, 1959;Zic- 
si,1959, 1962; Van Rhee, 1963, 1965, Sekera, 1951) already pre- 
sented very valuable data on the role of these animals played in 
the biological turnover of the soil. In the major part of the in 
vestigations, the object at first was not the earthworm itself , 
but the chemical, physical, and microbiological changes effected 
by its action,most of the research work paid no attention to the 
differences in the life functions of the species. However, there 
are significant differences in the feeding and life habits of the 
earthworm species, whose exploration and clarification are indis 
pensable for the comparison of the results and data received. 


In my experiments dealing with feeding ecology, I attempted 
first, to elicit the food requirements of the species, and se- 
cond, to examine the amount and the eventual alterations due to 
the quality of the food, of water-resistant aggregates present mn 
the excrement of the animals, as well as the chemical changes en 
acted in the soil which can without doubt be deduced to the  ac- 
tion of the earthworms. 


I. have conducted two series of experiments withrespect to 
the feeding ecology of the several earthworm species. In the first 
one, 14 different home species have been examined, in the second 
one, the three commonest species of our agricultural soils. 


268 Feeding Ecology of Earthworm Species in Hungary 


The results of the two experimental series are given below. 
EXPERIMENT I 


In the first series of experiments, I investigated the food 
requirements of the most frequent Hungarian earthworm!species in 
habiting diverse habitats (forest, ploughland, meadow, dung,etc), 
At the same time, I searched for interrelationships between the 
amounts of consumed food and the water-resistant aggregate of the 
excrement. The experiment aimed at submitting informations on the 
distribution of the species in the several habitats, respective- 
ly on the role of feeding as an ecological factor, and, on the 
other hand, to clarify the action of the species in the soil. On 
the basis of faunistical investigations prior to the experiments 
(Zicsi, 1959), I worked with the following species: Eisenia foe- 
tida (Sav., 1826), Lumbricus rubellus Hoffm., 1843; L. castaneus 
(Sav., 1826); L. terrestris L., 1758; L.polyphemus (Fitz.,1833); 
Dendrobaena rubida (Sav., 1826); D.platyura v. depressa (Rosa , 
1893); Allolobophora caliginosa (Sav., 1826); A.rosea (Sáv.,1826) 
A.chlorotica (Sav., 1826); A.antipai v. tuberculata (Cern.,1935); 
A.leoni (Michaslsen, 1891); Octolasium lacteum (Orley, 1885);and 


O.transpadanum (Rosa, 1884). 


For food, I selected mainly vegetable and animal organic de 
tritus characteristic of habitats in agricultural use, namely 
green lucerne, hay, autumnal wheat straw, and mature stable-dung 
The experiments were made in 80 cm. long, 15 cm. wide, and 30 cm, 
deep boxes. The boxes were subdivided by glass sheets into four 
parts according to the different organic materials, and filled tp 
a depth of 25 cm.with abode soil received from Martonvasar. The 
organic materials were placed, in accordance with natural condi- 
tions, on the top of the soil. In optimum humidity conditions,10 
large-bodied and 20 small-bodied mature earthworms were put in 
every subdivision. The boxes were covered by a sheet of glass. 
Feeding experiments were conducted for 4 weeks; the soil was wa- 
tered every three days, and the changes observed noted every week. 


RESULTS OF FEEDING EXPERIMENTS 


In the course of investigations, Eisenia foetida showed 
the greatest euryphagy with respect to feeding. The jellifica - 
tion of the food commenced the soonest in the presence of this 
species, hencs, taking an active part in the decomposition, 16 
made it suitable for ingestion the most rapidly. L.terrestris 
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and L.polyphemus made the greatest demands, both qualitatively 
and quantitatively, against the food. Concerning quality, they 
prefer green vegetable refuse, consuming lucerne and hay,but com 
mencing to feed on straw only on the third week (as if from ex- 
treme necessity), and they utterly refused dung. Their require - 
ments as to quantity is shown by the rapid rate of consumption of 
the accepted food. Similar but more emphasized results were gain 
ed regarding L.rubellus, because this species refuses, together 
with dung, also straw. The result is even more extreme with Los 
castaneus which refuses all four kinds of food, so that it would 
rather starve than to eat it. All this plainly explains the  ab- 
sence of these species from tilled and arable soils, where they 
cannot satisfy their food requirements either qualitatively Or 
quantitatively. 


The species of the genus.Dendrobaena are not as particular 
with respect to food as the Lumbricus-species discussed above. 
The rather soon and vividly manifested action in all kinds of 
food imply that their occurrence in arable lands is obstructed 
only by the insufficiency of vegetable food remaining on the sur 
face of the soil. 


The species of the genera Allolobophora and Üctolasium, as 
proved by the feeding experiments, consume only organic materials 
which had already gone through a certain rate of decomposition . 
Hence they first began the consumption of dung. These species can 
complement the limited amount of vegetable remains on the plough 
lands by dung, thus it is quite understandable that they can 
settle also in fields comparatively poor in food. 


The experiment resulted also in the observation of a pheno- 
menon which, at present, I can only register, but which still 
seems to be important since it separates into two sharply deli - 
mited groups the species distributed in, or absent from, our a- 
rable lands. In the presence of the first group, namely, the ac- 
cepted food began rotting, that is, it became gelatinously liqui 
fied. This means that the animals themselves commence the decom- 
position of the food, continuing it until it becomes suitable for 
ingestion. It was a microbiological task to examine whether the 
jellification is a result of the direct action of the sarthworms, 
or whether it happens indirectly by the animal creatirg condi - 
tions favourable for the proliferation of certain microorganisms 
by its secretion and that these latter begin decomposition. 
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In the case of species of the genera Allolobophora and Octo 
lasium, to be considered as species of :the ploughfields, no such 
gelatinous liquefaction of the food can be observed, indeed,they 
only commence ingestion when the food already went through a cer 
tain degree of decomposition. Concerning their role in the decom 
position of vegetable refuse, one might therefore state that 
whereas the species of the genera Lumbricus, Dendrobaena, and Ei- 
senia play an immediate and active role in the decomposition, the 
Allolobopheta and Üctolasium species join in this process only 
after a certain rate of disintegration of the organic matter. 


RESULTS OF AGGREGATE ANALYSES 


The second part of the experiment was the analysis of the 
wBt structure of excrement deposited in the experimental soil. 


For the method of the aggregate analysis, I used M.S.Tziga- 
nov's process, as modified by A.P.Soboliev (1953). 


I took two average samples from all compartments of the box: 
250 gr. from the upper section of the soil containing excrement, 
end 250 gr. from a deeper layer of the soil. This was necessitat 
ed by the fact that, with regard to some species, oniy the upper 
section of the soil, bordering on the organic material,contained 
a conspicuous amount of excrement, whersas in the deeper layers 
I failed to observe any or but a sporadic amount. Prior to set- 
ting the experiments, I made control analyses on the average 
samples of the soil in the compartments. In all experiments, I 
conducted one dry and three wet siftings on a 250 gr.sample. The 
main values of the three wet siftings are shown in Tables 1 and 
2. I give in the Tables the percental weight ratios of the 1-5 
mm. fractions, as the most valuable clod size according to prac- 
tical experiences. 


The evaluation of the results, summarized in Table l and 2, 
of the aggregate-analyses should commence with the Lumbricus spe 
cies. The fact that they did not accept dung is faithfully re- 
flected in both Tables. With L. rubellus, Eisenia foetida,  ànd 
Dendrobaena rubida, we meet, however, with a striking occurrence, 
These three species had not visited the deeper layers of the soil, 
and worked only in the uper stratum bordering on the organic ma- 
terial. This phenomenon serves as a further explanation concern- 
ing their absence from tilled lands. These sites, constantly dis 


TABLE 1 


Results of aggregate analyses of upper layers containíng excrements and control soils 
fractions l-5 mm, Zicsi, 1962 
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Results of aggregate analyses of lower experimental soil layer and control soils 
fractions l-5 mm Zicsi, 1962. 
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turbed by ploughing and more severely exposed to extreme climatic 
conditions than the other habitats and whose vegetable cover af- 
fords less shelter, are truly unsuitable habitats for these three 
species bound to the surface.of the soil. 


Turning our attention to the species of the arable lands,we 
perceive that their action extends to the entire soil section.An 
important fact with respect to these species is that the value 
of the aggregate analysis of the experimental soils as against 
the control soils is not always proportionate with the amount of 
the ingested food, respectively: the percent value of the water- 
resistant aggregates also increases where the ingested food was 
minimal. This can, in all probability, be reduced to the observa 
tion that the species can utilize in their feeding also the humus 
content of the soil (Franz, 1943). And this, too, explains their 
occurrence and distribution in the agricultural fields. 


EXPERIMENT II 


In the above discussion, I attempted, with more or less suc 
cess, to explain the presence or absence in arable lands of earth 
worm species by the decisive ecological factor of feeding. 


In our tilled agricultural lands, where only a small percent 
of the plant cover again returns into the soil and where we at- 
tempt to substitute the loss of natural organic matter by artifi 
cial means, it seemed most interesting to find out from which 
layer of the soil prefer the animals to consume the food offered 
to them. 


For the sake of obtaining very expressive results, I worked 
in my experiments with individual numbers considerably higher 
than those occuring in natural conditions, and in optimum ciicums 
tances, - hence my results give an exaggerated picture of theuse 
ful action of the earthworms. 


In glass-house of the Agricultural Experimental Institute , 
Keszthely, I investigated the decomposition, in the presence of 
the three commonest agricultural species, of stable-dung in an 
artificial soil section. The experiment began on 12 April, 1957, 
and ended after seven months, on 10 November, I used a 164 cm. 
long and 60 cr. high box, subdivided into six uniform compart - 
ments. The base of a compartment was therefore 25x25 cm., its 
height 50 cm. {the remaining 14 cm, were taken up by the  wcoder 
walls separating the single compartmerts), The two outer sides 
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of the compartments were made of glass, to allow the observation 
of the earthworms. For the experiment, I used plough-land soil 
from Keszthely, placed in the box according to its natural stra- 
tification. Three layers were established: 0-20, 20-40, and 40- 
60 cm. In the evaluation of the physical analysis of the soils,I 
have marked these layers by A, B, C in the Tables. The experi - 
ments were made with mature and immature stable-dung: three com- 
partments containing mature dung, and three others immature dung 
I placed the surface of the soil one kg.each of mature dung of 
10 and 25 cm. depth. Of the immature dung, I took identical,half 
kg. amounts (the weight of the dung portions is to be understood 
in their natural state). Ten specimens each of mature A,caligino- 
sa, A,rosea, and O,lacteum were put in every compartment.The con 
trol experiments were made in the same way, but the earthworms 
were absent. The soils of the compartments were watered weekly , 
by a given and identical amount of water. I have controlled the 
experiments several times, and the algal coats found on the glas 
‘walls were immediately abolished by dark tar-paper. 


After the dismounting of the experiment, I have collected 
the dung remains and weighed them in an air-dry state. The earth 
worms and earthworm cocoons were counted. The number of the earth 
worms and the cocoons in the different compartments were as fol- 


lows: 
TABLE 3 


The number of earthworms and cocoons in different depths of the sil 
section, in mature and immature stable-dung. 
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TABLE 4 


Air-dry weight of dung remains after dismounting of experiment 


Mature stable-dung Immature stable-dung 
D de ; g n š j . a 
epth experimented ee experimented — g 
cm. material g material g 


0 65 168 2,5 
10 0 148 6,5 
25 17 195 0 


The results of the two Tables allow the following infererces: 


l. The action of the earthworms in the decomposition of dung 
is very considerable; 


Zs Mature dung is preferably consumed in shallow layers in 
the soil, and only secondarily at a depth, and only at last from 
the surface of the soil; 


3. The number of animals almost doubled in mature stable - 
dung; 


4. The decomposition of immature stable-dung is strikingly 
great on the surface of the scil, but it decreases in depth; 


5. The number of earthworms in immature stable-dung had hard 
ly exceeded the initial amount. 


Also these experiments show the claim of species inhabiting 
arable lands, toward organic matter in a rate of decomposition ; 
the high individual numbers found in mature stable-dung corrobo- 
rate this statement satisfactorily. Nor is it contradicted by the 
small weight of the remaining immature dung, since, as is evident 
from the control, fresh stable-dung undergoes a rapid microbiolo 
gical disorganization also in the absence of earthworms,The great 
weight of mature dung remaining on the surface of the soil is 
also interesting. This implies that, in natural conditions where 
the earthworms lack constant humidity (in the field), they will 
avoid organic matter placed out in this way. A shallow arrange - 
ment is the best, but deeply laid dung is also preferred against 
surface manure, These observations concur with my investigations 
in the field, with respect to the vertical occurrence of the spe 
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cies in agricultural lands: the Allolobophora and Octclasium spe 
cies inhabit different depths of the ground according to the fer 
tile layers of the soil. I should also like to point out that my 
experiments were made, to obviate the appearance of algae,in dark 
or subdued light, and still the sarthworms avoided the surface 
of the soil. These observations substantiate Füller's assumption 
(1953), namely that the habits of the species and their pigmenta 
tion are interrelated. Species with red pigments live on the sur 
face of the soil (Lumbricus, Eisenia, Dendrobaena), whereas the 
flesh-zoloured ones inhabit deeper layers. Gilbert (i931) had al 
ready demonstrated that the colouring materials of the earthworms 
protect them to a certain rate against the injurious effects of 
sunshine. Hence their behaviour during our experiments might be 
characterized as persisting to inherited traits even if there is 
no fear of the harmful action of sunshine. On.the other hand, my 
observations contradict to a certain degree Sekera's (1951)state 
ments, according to which the earthworms avoid stable-dung mixed 
into soil, but they corroborate them insofar as the animals pre- 
fer organic material placed at a shallow depth. Since Sekera fail 
ed to give a specific list of the earthworms used in his experi- 
ments, I cannot compare our results. The more precipitous climate 
of Austria makes possible the occurrence in agricultural lands of 
species (L.rubellus, L,terrestris, etc.) which, when gaining pre 
ponderance in an experiment, might cause the drawing of different 
conclusions. 


In connection with my experiments, I should finally like to 
expound the physical and chemical changes which were enacted in 
the soil by the feeding and soil-mixing action of the earthworms. 


The aggregate-analysis of the soils used in the experiments 
were made by the method mentioned above. 


The differences appearing between the experiment and the con 
trol strikingly display the intensive action, extending to the en 
tire soil section, of the most frequent three species of our agti 
cultural lands, occuring also in the greatest individual density 
to wit, A,caliginosa, A.rosea, and O,lacteum. The water-resis - 
tance of the 1-5 mm.clods is especially high in the section 0-40 
om., that is, in the fertile layer, while in the basic substrate 
it was only the deferred excrement which raised the percental ra 
tio of the lasting fraction against that of the control. Also 
these observations show that the above species prefer to live in 
the fertile layer and advance oniy occasionally into deeper lying 


A. Zicsi 277 


TABLE 5 


Results of aggregate analyses 
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5,92 4,03 4,64 5,13 7,76 


substrates. 


Finally, I should like to point out a chemical process which 
can without doubt be deduced to the action of the sarthworms,nare 
ly the changes in the CaCO3 content in the several layers. Prior 
to the beginning of the experiments, I let the CaC04 content of 
the layers be determined, and the following results were obtained: 


A= 0,00 % 
B= 1,12% 
C = 20,16 % 


As is to be seen, there was no CaCO3 demonstrable in the 
upper layer (A)prior to the experiments. In Table 6, I have sum- 
marized the results of the CaCO3 analysis, subsequently to the 
decomposition experiment lasting for seven months: 
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TABLE 6 


Values in per cent of CaCO3 content 
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2. Control without earthworms 


2,35 2,76 2,15 | 1,30 
20,16 19,16 19,20 | 20,15 


Due to the action of the three species, the CaCO3 content 
had considerably increased in the layers A and B as against that 
of both the initial and the contral soils. This phenomenon de- 
serves special attention, and mainly in soils where the bleach- 
ing process (podzolization) is strong. I am quite aware of the 
fact that in my experiments, as I have emphasized above, the num 
ber of earthworms is rather exaggerated, because if we were to 
transpose the number of earthworms (30) working in one compart - 
ment (25x25 cm.) to, e.g. 1 cubic meter, we would get 480 earth- 
worms, a mass never occuring in nature. However, in our attempts 
all over the world to improve afforestations, we should keep in 
mind the requirement to assure conditions in which the suitable 
earthworms also find circumstances favourable to their habits. 


A. Zicsi 279 


SUMMARY 


Author discusses, on the basis of two series of experiments, 
the food requirements of earthworm species, respectively their 
p^eferences as to accepted food with respect to the several lay- 
ers of the soil. Observations are completed by a physical and che 
mical analysis of the excrement, with inferences for practical 
applications. 


RESUMEN 


Investigaciones de laboratorio sobre la ecología alimentaria de 
Lombrices de Hungría 


El autor examina, en dos series de ensayos, el modo de ali- 
mentación de diversas especies de Lumbricidae existentes en Hun- 
gría. En el primer ensayo se consideran 14 especies. Como alimen 
to se da a los ahimales alfalfa verde, heno, paja de cebada y es 
tiércol. Los ensayos se desarrollaron durante 4 semanas;sobre el 
estado del alimento se hicieron anotaciones semanales. La evalua 
ción de la experiencia se basó, por una parte, sobre las informa 
ciones obtenidas semanalmente y, por otra parte, sobre los análi 
sis de los agregados que se realizaron al final de los ensayos à 
Fue posible establecer relaciones entre el consumo de alimentos 
y la estabilidad hídrica de los excrementos de las lombrices.Ade 
más, fue posible obtener de esta experiencia algunas observacio- 
nes relativas al modo de vida aun de especies menos conocidas , 
que pueden otorgar claridad sobre la distribución de estas  lom- 
brices en diversos biótopos. En el segundo ensayo, basado en par 
te en las experiencias del primero, se examinaron las tres espe- 
cies de mayor repartición en Hungría, Allolobóphora rosea, A.ca- 
liginosa y Üctolasium lacteum. En estas experiencias se les colo 
c6 a los animales el alimento (estiércol fresco y estiércol madu 
ro) en diferentes profundidades del suelo, a saber, en la super- 
ficie del suelo, a 10 cm.de profundidad y a 25 cm,de profundidad, 
Se deseaba comprobar de cual profundidad los animales tomaban œn 
mayor preferencia el alimento. 


Resumiendo los resultados se puede decir que, 


l. La actividad de los animales en la degradación del estiércol 
es notoria, 
2. El estiércol maduro fue consumido preferencialmente desde una 
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profundidad de 10 cm., luego de 25 cm. de profundidad; los ma 
yores restos se encontraron en la superficie. 

3. La cantidad de animales casi se duplicó en el estiércol maduro. 

4, La degradación del estiércol inmaduro era mayor en superficie 
y disminufa de intensidad con la profundidad. 

5, En el estiércol inmaduro apenas se multiplicaban las lombrices 


En el texto se dan aclaraciones sobre el resultado obtenido. 


Los suelos estudiados también fueron sometidos a un análi - 
sis de agregados, cuyos resultados confirman ampliamente la acti 
vidad de las lombrices en las diversas capas del suelo, en el sen 
tido de que la estabilidad de los excrementos es mayor en aque - 
llos lugares donde fue alta la actividad de las lombrices.Los da 
tos se encuentran resumidos en cuadros. 


Se pudo además comprobar otra actividad interesante de las 
lombrices. El suelo examinado contenía antes del ensayo CaC03 so 
lamente a 60 cm.de profundidad. Después de la experiencia aumen- 
tó en forma notoria el contenido de CaCD4 por la intensa activi- 
dad de las lombrices incluso en las capas superiores del suelo. 
Este hecho, que sin duda es atribuible a la actividad de las lom 
brices, posee una gran significación edafológica. 
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